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The present Invention relates to a new direct process 
for preparing various water soluble salts of N-phos P hono- 
"ethylglycine ( NPMG) from N-phosphonomethy 1 iminodiacetic 
acid (NPMIOA) derivatives. 

More particularly, the present invention relates to a 
Process for producing water-soluble mono- and di- NPMG 
amine and iminourea salts. 

A* disclosed 1„ U.S. Patent 3799758 and as described 
m Israel Specifications 65187, 56402 and 66494, the teach- 
">9. of which are incorporated herein by reference certain 
amine, diamine, 1 mi „ 0UPea and < ii9inQW „ ^ J. ^ 

used as broad spectrum herbicides having little or no 
residual effect. 

«.S. Patent 3799758 describes t ». preparation of »„. 
«.lt. by neutralisation of «-Ph.,p ll „ M .. tl , )r ,„ Jret „, 
««» »<»., I. process one neeij t0 fsoUu ^ 

^ the .arlous .ethods kno „ n ,„ BM 

can be produced 6y .„„,,„.„ „ f ^ ^ 

H 2 S0 4 (Israeli patent 4,8«,. with concentrated H,SO 

Patent 42393, ,„d „,/„..„„ (Israeli Patent 47302) 
1" the first and second nethods oreat excess of „ S 0, Is also 
n«d.d t, dissolve the nPHIOA. Therefore, In order to 
KPMG one needs to use either . qul „ tltj „ f 

°r 9 anic solvent or to effect neutralization with base 
(Having salt as an i-purity 1n the NPMG). In both .ethods 
f. isolation is not ou.ntitive. ,. the third m .th.d on, can 
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use only a very dilute solution (N*42 at 100°C) of NPHIDA 
because of solubility problems. Therefore, to Isolate 
the HPHG one needs to evaporate a large quantity of water. 
In order to overcome the solubility difficulties it would 
5 be better to directly oxidize the NPMIDA Stir that is more 
soluble than" the add. 

Although U.S. Patent 4,147,719 describes the direct 
oxidation of NPHIDA amine salts with oxygen and platinum 
on carbon. 1t is known that many amines may oxidize to a 
10 variety of products (such as: hydroxyl amine, nitroso, 

nitro, amine oxide, azoxy compound, oximes, hydroxaralc add 
and other combination products as well as hydrolysis products 
when subjected to an oxidation reaction utilizing oxygen or 
hydrog-en peroxide or may be dealkylated followed by oxlda- 
15 tlon to carbonyl or carboxyllc add derivatives when sub- 
jected to an oxidation reaction utilizing oxygen over a 
catalyst or Hydrogen Peroxide as oxidants (P.A.S. Smith, " 
open chain nitrogen compound Vol. 1 page 47-50, 108-114, 
Benjamin, Inc. 1966; Houben-Weyl, Oxidation 4/la page 72- 
20 168 and 293-315; G. Scott, Atmospheric Oxidation and Anti- 
oxidants page 198-203, Elsevier 1965; G.T. Davis and 0. K. 
Rosenblatt, Tetrahydron letter 4085 (1968) and R. 0. Birken- 
meyer and L. H. Oozak, Tetrahydron Letter 5049 (1970). 
Moreover the said patent (U.S. 4,147,719) claims that the pres 
25 of a formaldehyde coproduct in the oxidation of NPHIDA amine 
salts according to the following scheme 

CH-COOH 0 OH HO 
>S J / . 0 2 Catalyst | f.OH 

^N-CH 2 -P' > HOOC-C^-N-C^-P 7 

CH 2 C00H X 0H.RNH, V \ K .RNK, 



CK 2 0 + HCCOH + CC^ 
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is undesired because formaldehyde may react with the NPMG 

product to produce an N-Hethyl-N-Phosphonomethylglycine as 
by-product. 

It 1s believed that the above by-product resulted from 
S reductive methylatton known 1n the art as Leuckart reaction 
or the closely related Eschweil er-Cl arke methylatlon (Organic 
Reaction Vol V page 307 John Wiley & Sons 1949 New York) in 
which primary or secondary amine (as well as aminoadd) 1s 
heated with formaldehyde or preferably with formaldehyde and 
10 formic add yielding methylated amine derivatives in good yield 
according to the reaction: 



RNH 



2 + 2CH 2 0 + 2HC00H ► RNfCHg.)., + 2C0 2 + 2H.,0 

Therefore oxidation of an NPMG salt of primary or secondary - 
amine may yield methylated amines as co product thus obtaining 

15 a mixture of NPMG amines salts instead of one sole product. 
Although said patent (U.S. 4,l47,719)has found that using 
Pt/c 2S catalyst in the above oxidation can minimize or eliminate 
said phosphonic acid by-product nothing 1s said about the pos- 
sibility of obtaining methylated amine by-products resulting 

20 from the said Leuckart reaction. Moreover. U.S. Patent 

4,147,719 does not describe the carrying out of any analysis 
of the amine cations of the NPMG salts obtained by the said 
oxidation and in fact said Patent is directed to the production 
of the acid only and not to the direct production of amine salts 

25 as is the process of the present invention. 



-5- 



0098034 



Therefore, the NPM6 amine salts according to U.S. 
Patent 4,147,719 will contain oxidation degradation and 
methylatlon products of the amines and some combination 

products of the above derivatives- w1 th the, am* no -group- of — 

the NPMG (thereby also reducing the yield of active material). 
These by-products are difficult to separate from the desired 
product and therefore the oxidation solution cannot be used 
directly as a herbicide.. 

Receiving a pure product is highly Important as this 
material is being used as a herbicide applied on human food 
and any residue is considered dangerous. While the effects 
of nltroso are today widely discussed, other combination 
trace products are not less important. 

An experiment carried out by applicant to oxidize 
NPHIDA amines sa^-w1tlHtt'202--iit-aq7^so^ut1on-'ra>^1ovBd<^y-^-- 
addition of hydrochloric acid to precipitate the free NPMG 
resulted in a poor yield of NPMG together with a high percent 
of undefined by-products, thus further Indicating the dif- 
ficulties 1n obtaining a pure product by modification of the 
prior art processes. 

Israel Specification No. 65187 takes advantage of the 
fact that iminourea derivatives are much more stable than 
amines toward oxidation and describes direct oxidation of 
NPMIOA iminourea salts using either 0 2 over catalyst or Hydrogen 
Peroxide yielding NPHG Iminourea salts. However some Iminoureas 
e.g. 1-amino guanldine, diaminoguanldlne, and the iike may 
oxidize to a variety of products under the above condition. 
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Moreover, the present novel Invention affords a process for 
producing the NPM6 sensitive Iminourea salts as well as the 
other non-sens1t1ve Iminourea salts without subjecting the 
1m1noureas to oxidation conditions. 

With the above problems and state of the art in mind, 
it 1s the object of the present invention to provide a direct 
method for preparing pure NPMG salts, using H 2 0 2 or oxygen 

over catalyst without subjecting the base forming cations (amines 
or iminourea) to the above oxidation conditions and In which 
method the formation of by-products is minimized and/or such by- 
products are easily isolated. This object 1s achieved by the 
present invention which, 1n contradistinction to the above-men- 
tioned prior art processes provides a process for producing 
water-soluble mono and di-N-Phosphonoraethylglydne amine and 
iminourea salts from N-phosphonomethyHminodiacetic add deriva- 
tives comprising oxidizing an aryl substituted iminourea salt of 
N-phosphonomethyl iminodiacetic acid of the general formula VI 

9 /OH nh 
(HOOC - CH 2 ) 2 N-CH 2 -P/ . Ar lN H.{-NHAr 2 vi 

X 0H 

wherein Ar, and Ar 2 are each independently selected from the 
group consisting of phenyl, alkylphenyl and halophenyl to form 
a N-phosphonomethyl glycine iminourea salt of the general formula VII 
¥ } NH 
HOOC-CH 2 -N-CH 2 -!Uh. Ar lH N-{!-NHAr 2 m 

OH 

reacting said salt of formula VII with an amine, iminourea, diamine, 
or diinMnourea having a molecular weight below 600 and a pKa above 
10 in aoueous solution and separating the resulting water insoluble 
aryl iminourea from the resulting water soluble N-phosphono- 
raethylglydne salt product. 
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More particularly, the present Invention provides a process 
for producing N-phosphonomethylglycine derivatives of the 
general formula I 

9 r v 0Rz 

ftjO — C — CHg — N _» CHg — P 
wherein, 

a. R ]t R 2 and R 3 are Independently selected from hydrogen 
and -R 4 and R 4 Is a salt-forming cation 1m1nourea derivative 
of the general formula II 

. N— C-N ^ II 



R 5' - R 

R 6' 

wherein R 5 , Rc. . R 6 , R g , and R ? are Independently H, 
NH 2 , CH 2 OH -C-NH 2 , or an aryl , cycloalkyl or straight 
or branched chain alkyl or alkenyl group optionally sub- 
stituted by hydroxy or halogen, or an alkylaryl group provided 
that 

1. at least one but no more than two of R 1 , R g 
or R 3 are R 4 , 

2. no more than one Rg.'Rg,, R g , R g , are aryl or 
substituted aryl; and 

3. no more than one of R g , R gl , R gl Rg| 'and R ? 1 S 
CH 2 OH; or 

b. R ]t R 2 and R 3 are independently selected from hydrogen and 
R 6 wherein R T6 is a salt-forming cation selected from Ure -groups 
consisting of cations of organic ammonium selected from primary-, 
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secondary- and tertlary-alkyi , none of these having more 
than two amine groups: and heterocyclic amines provided 
that no more than two of R 1 , R 2 and R 3 are -R 16 ; or 

c. R 1 and R 2 are hydrogen and R 3 Is R 1? wherein R 1? 1 S a, 
salt forming cation of the. formula III 



HNH-R-NH.H0-P-CH 9 -N-CH,-C-OH tit 
j | | 2 2 



Rg Rg OH 



wherein R is selected from the group consisting of C 2 - C 12 
straight or branched chain alkylene radlcals'ah'd R g an<TR g 
are each independently H or » C ] - C 4 alkyl group; or 

d. R 1 and R 2 are H and R 3 is a salt forming cation of the 
general formula IV 



R 10 NH NR n 



R 19 HN-.C-Y-R 18 -Y-tf-NHR 12 



NHR,,. HO-P-CH 2 - 



1-CH 2 C0 2 H IV 



wherein 
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Y Is N. R 18 is a straight or branched chain alkylene 
radical having 1-12 carbon atoms and R lg , R n » r 12 and are 
each independently H, alkyl, phenyl or allyl provided that 
only one of R 19 and R 1Q nay be alkyl, allyl or phenyl and 
only one of R^ and R ]2 may be alkyl , allyl or phenyl; 

said process comprising oxidizing an aryl substituted iminourea 
salt of N-phOsphonomethyllminodiacetic acid of the general 
formula VI 

\/ II 
(HOOC - CH 2 } 2 N-CH 2 -P . Ar^H-C-NHArg VI 

wherein Ar, and Ar ? are each independently selected from 
the group consisting of phenyl, alkylphenyl and halophenyl 
to form a N-phosphonomethylglycine iminourea salt of the 
general formula VII 



HOOC-CH 2 -N-CH 2 -P-OH. Ar ] HN-C-NHAr 2 Y II 
OH 



15 



and then reacting said salt of formula VII with the appropriate 
amine, Iminourea, diamine or d11m1nourea as defined. 
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Preferably at the end of said process the resulting 
NPMG salt solution 1s separated by filtration from the re- ' 
generated aryl-substituted iminourea which iminourea. 1s 
purified and recycled for use 1n the preparation of the salt 

5 of formula VI thereby resulting In a simple economical process 
which not only produces relatively pure N-Phosphonomethyl glycine 
salts using a direct oxidation process without the drawbacks 
of the prior art processes but also results in the re- 
generation for reuse and substantially without loss, of 

10 the aryl substituted iminourea reactant which makes the 
process, feasible and practical. 

As stated above, the iminourea salts of the above salts 
are those prepared from low molecular weight iminourea, i.e. 
having a molecular weight below about 600 and a P Ka above 

15 10.0, such as: 

Guanidine, 1-amino guanidine, N.N'-dlamino guanidine, 
blguanide, methyl guanidine, dimethyl guanidine, trimethyl 
guanldire, ethyl guanidine, diethyl guanidine, triethyl guanidine, 
tetra methyl guanidine. tetra ethyl guanidine, penta methyl 

20 guanidine, phenyl guanidine. N ,N ' -ethyl ene diguanidine. 
N.N'-propylene diguanidine, N.N'-butylene diguanidine. 
The organic ammonium salts of the above salts are those prepared 
as above from low molecular weight amine, i.e., having a 
molecular weight below about 300 and their P Ka are above 10.0 

25 such as: 

methylamlne, ethylamlne. n-propyl amine , i sopropyl ami ne , 
n-butyl amine, isobutyl ami ne, sec-butyl ara ine , n-amylamine, 
isoamyl amine, hexylamine. heptylamine, octylamlne, ncnylamine, 
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decylamlne, undecyl amine, dodecylamine.trfdecylamlne, 
tetradecyl amine, pentadecyl amine, hexadecylamine, 
heptadeeyl amine, octadecyl amine , me thy 1 ethy 1-ami ne, - 
methyl isopropyl amine, methyl hexyl amine, methyl nonyl amine, 
methylpentadecylamine, methyloctadecylami ne , ethylbutyl- 
amine, ethyl heptyl ami ne , dimethylamine, diethylamine, 
di-n-propylamine, diisopropylamine. di-n-amyl amine, di- 
Isoamyl amine, dihexylamine, di-heptylam1ne, dioctylamlne, 
trimethyl amine. tr1 ethyl amine, tri-n-propyl amine, tr1- 
isopropylamine, tri-n-butylamine, tri isobutyl amine, 
tri-secbutylamine, tri-n-amylamine, ethanolamlne, n-propanoT- 
amine, N.N-diethylethanolaraine, N-ethylpropanolam1ne, 
ethylene diamine, propylenediamlne, N-ethyl-ethylenediamine, 
N-Methyl -ethyl enedi amine, 2-Methyl ,1-2-prbpyTene diamine, 
N.N.N.N'-tetra ethyl-1 ,3-propylened1am1ne, 1 ,4-diarainobutane 
and the like and hetrocyclic amines such as plperidine, 
pyrolldine and the like. 

In a preferred embodiment of the present invention the salts 
of general formula VI are first prepared by forming an ad- 
mixture of N-Phosphonomethyl Imino diacetic acid and an aryl 
substituted Imino urea preferably selected from the group 
consisting of N, N 1 diphenyl guanidine, N,N' di-o-tolyl 
guanidine, N,N' -dl-p-tolyl guanidine, N,N'-di-4-ethyl phenyl 
guanidine, N,N , -di-4-chlorophenyl guanidine -and N.N'-dl- 
4-bromo phenyl guanidine and heating the mixture until a 
clear solution is obtained. 

Thus each of said aryl groups is preferably .phenyl , tolyl, 
bromophenyl or chlorophenyl . 
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All of said 01-Aryl Imlno Ureas are practically water 
insoluble and have P Ka lower than 10.1. 

In conducting the oxidation processes the temperature 
of reaction can be from as low as 20°C to 125°C or even 
higher. It is preferred, for ease of reaction and to ob.tain 
the best yield of product, to conduct said processes at from 
about 70°C to about 120°C. 

The time of reaction 1s not narrowly critical and can vary 
from IS minutes heating time to as high as 40 or more hours. 
Of course, 1t 1s obvious to those skilled in the art that 
• the yield of the product will vary with the reaction time 
and the temperature of the reaction. 

The process 1s carried out 1n an aqueous media. It is 
preferred to employ a saturated solution of N- (Phosphono- 

15 methyl) iminodiacetic salt in water. However, for ease of 
operation, the process is also operable at lower or higher 
concentration 1n water. 

The ratio of reactants, that is the oxidizing agent and 
the N-(Phosphonomethyl ) iminodiacetic acid (NPMIDA) salt 

20 is not narrow. For best yields one should emp'loy at least a 
stoichiometric amount of oxidizing agent, e.g. 2 mole Hydrogen 
Peroxide and 1/2 of 0 2 for each equivalent of N- (Phosphono- 
methyl) iminodiacetic salt. In actual practice, however, 
to obtain the best yields, one employs 3-4 mole of Hydrogen 

25 Peroxide and 1/2 to 1 mole of oxygen for each mole NPMIDA 
salts. When a free oxygen-containing gas 1s employed it is 
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preferred for convenience to conduct the process of this 

Invention at a total pressure of from 0.5 kg/cm 2 to 200 kg/ 
2 

cm . It is even more preferred to conduct said process at 
pressure of from 1 kg/cm 2 to S kg/cm 2 . 

The manner in which the aqueous solution of the Imino- 
diacetic acid salts (NPHIDA) is contacted with the molecular 
oxygen containing gas and catalyst (activated carbon or metal 
catalyst) can vary greatly. For example the Iminodiacetic 
acid salts solution can be placed 1n a closed container with 
some free space containing molecular oxygen and shaken vigor- 
ously or agitated by stirring or molecular oxygen containing 
gas can be bubbled through a straight tube or a tube with a 
fritted diffuser attached thereto. The contacting can also be 
accomplished in a tubular continuous reactor packed with 
activated carbon. 

The oxidizing agent which can be employed to prepare the 
compounds of the present invention include oxidizing agents 
such as inorganic peroxides, including Hydrogen Peroxide and 
organic peroxides. The organic peroxide oxidizing agents 
include: 

Performic acid, Peracetic add, Perbenzoic acid and the Hke. 
Other inorganic oxidizing agents include oxygen, air, 
oxygen diluted with helium, argon, nitrogen or other inert 
gas 1n the presence of catalysts such as: 
activated carbon, metallic catalysts (Pt, Pd, Rh', Ru, etc.) 
alone or on activated supports such, as activated charcoal, 
aluminium oxide, asbestos etc. 
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I* >c«vated carbon catalysts enp,o,ed are characterized 

^ h, 9h .dsor P tive ca , ac1ty f<r 9ases _ vaporj 

solids «d relatival, „1 s h specific supface JreJs _ 
specific surface area of the actfvateJ c>rbon ^ ^ 
'00-2000 souar, neters per Jram _ „ )s prefsrri< ^ 

activated crbons „av1„ 9 a specific surface area 
of 400 to 1600 so Ua re »,t ers per JrM1> 

Tne activated carbons employed in sa ld process „„ ^ 
» «. for* of P „ ders or In powjep ^ ^ 

activated carbons consist lar 9 ., y of „ ater(a , h , >lnj § 
P^ticle size finer than 325 *esh a,th.u 9 h see Uroer 
particles . v also be present 1„ the 9ra „„, ar f ,„; T „, 
PTtld. size ranae can vary considerably. par t1cl. sf , e 
« x 10 8 , 30 .esh and 20 x 30 .esh can be used 

The anount of granular or powdered activated carbon 
-Ployed in this P r.c.ss can ran 9 e fr,„ 0.5 to ,00 or .ore 

parts by weight for everv 100 k . L 

every 100 parts by weight of NPMIDA salt 

empl eyed . 

A= .nib. realized, ,h, ., tp . ^ 

Us C H and Its area. .„ effect th , nU (f ^ ' 

that the reaction rate Is f as ter when the active 
carbon was .ashed „1th concentrated hydrochloric edd and 
then washed with water (up to p« . 7) „efore use _ 
So„e e,a»p,es of activated carbc, are: «ont P». 4 

" 0rUAa "«'• H.C., Oacuonvill'e 

«..). oarco 6-60 < ICA.erica) . 9 rade 235 and 25e ,„„,". 
Choice, Corp), cimbl. SXAC ,„„.. e.rbld.) and the ,Ue 
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The metal on support catalyst are the commercial 52 
metal on activated carbon such as 52 Pd/c, 52 Rh/c, 
52 Pt/c, 52 Pt/Al 2 0 3 and 52 Rh/Al^. 

The reaction between amines or iminourea and the salt 
of general formula VII is conducted at room temperature 
in water by adding two moles of the base to one mole of 
the salt of formula VII in water and stirring the mixture 
for 1/2 hour whereafter the water insoluble iminourea . 
and its by product is filtered. The filtrate contain 
Pure NPMG Oi Basic Salts. 

In order to obtain monobasic NPMG salts from said 
Di Basic NPMG salt, one can add one mole NPMG , produced 
by neutralization of salt VII with hydrochloric acid,, 
tc the solution of said di baste salt. 

The Di-Aryl iminourea can be isolated from its 
hydrochloride salt by neutralisation with sodium 
hydroxide followed by filtration. 

Thus, e.g., the reaction between isopropyl amine and 
the salt of general formula VII is conducted at room temperature 
in water by adding the stochiometri c amount of the IPA to the 
aq solution of the salt of formula VII and stirring the mixture 
for 1/2 hour whereafter the water insoluble iminourea and its 
by product is filtered. The filtrate contain Pure NPMG (I?A) 
Salt. 
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In order to obtain monol sopropy 1 NPHG from said 
dl-Uopropyl amine NPHG salt, one can add one mole NPHG, 
produced by neutralization of said dl-salt with hydrochloric 
add, to the solution of said dl-salt according to the 
following reaction scheme 



H00C-CH 2 -N-CH 2 



J yOH JIHAr 
-p: . NH-C 



\ 



1 %/ 



OH 



OH 



\ 



NHAr 



HOOC-CHj-N-CH^P^ 



(IPA). 



OH 
I (n«2) 



HC1. (Cone.) 



HC1 . HN»C 



/ NHA r 



\ 



NHA. 



♦ H00C-CH 2 -N-CH 2 



J/ 



OH 



OH 



NaOH 



NHAr 



NHAr 



H 0 0H 
2(M00C-CH 2 -i-CH 2 .K .IPA 

OH 



(reuse after purification). 

The Iminourea can be Isolated from its hydrochloride salt 
by neutralization with sodium hydroxide followed by filtration. 
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It Is worthwhile to emphasize the following additional 
advantage of the present invention: 

Formaldehyde 1s not produced as coproduct 1n the 
oxidation of the salt of general formula VI with Hydrogen 
Peroxide thus N-Methyl -N-Phosphonomethyl glycine coproduct 
previously discussed is not formed through reductive 
alkylation. The oxidation of the above salt VI utilizing 
oxygen over a catalyst yielded formaldehyde as by prodcut, 
however, it is known in the art that ureas and imlnoureas 
are good formaldehyde scavenging agents [(U.S. P * 3,957,431 
and H.A. Fraenkel and H.S. Olcott, J. Amer. Chem. Soc, 68, 
34-7 (1976)] therefore the D1-Aryl Imi nourea '1 n SaTt VI can 
minimize the formation of N-Methyl NPMG co-product by 
scavenging some of the formaldehyde. On the other hand, 
the said Leuckart reductive Hethylation fails with compounds 
such as amides, urea and iminourea thus no reductive methylation 
of said 01-aryl iminourea takes place (Organic Reaction Vol V 
Page 308, John Wiley & Sons 1949 New York). 

While the invention will now be described in connection 
with certain preferred embodiments in the following examples 
1t will be understood that 1t 1s not Intended to limit the 
invention to these particular embodiments. On the contrary 
it is intended to cover all alternatives, modifications 
and equivalents as may be included within the scope of the 
invention as defined by the appended claims. Thus, the 
following examples which include preferred embodiments 
will serve to illustrate the practice of this invention, 
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It being understood that the particulars shown are by way 
of example and for purposes of Illustrative discussion of 
preferred embodiments of the present invention only and 
are presented in the cause of providing what is believed 
to be the most useful and readily understood description 
of procedures as well as of the principles and conceptual 
aspects of the invention. 

Inthe following examples which iHustrated the invention 
and throughout the specification, parts and percent are by 
weight unless otherwise indicated. 

EXAMPLE 1. 

A series of runs were made to oxidize N-(Phosphono«tl,yl ) 
Iminodiacetic Iminourea Salts using as oxidant. 

Forty parts of water and 0.02 mole of npmida Salt were 
charged into a suitable reactor. The fixture was heated 
to 80°C and then 8.8 parts of 30, was added over a 

Period of 1 to 2 hours while maintaining the temperature at 
70 C. The reaction was then heated at 80°C with stirring 
until Nuclear Mastic Resonance spectral (NMR) analysis 
showed that the reaction was essentially complete. The 
reaction was terminated, excess H 2 0 2 was decomposed by 
activated carbon, the carbon was fiUered off leaving a 
clear solution of X PM6 Iminourea Salt which was subject to 
NMR analysis. 

Th. f.llo„„ s t .b1. S <v„ tt . re!liU of the „ « XI>er1nlents> 
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EXPERIMENT 


IMINOUREA 


REACTION TIME 


moi r • 

!>UIL a 


NO. 






NPMG SALT 


1 


OPG 


4.5 


100 


2 


OTG 


4.5 


97 


3 


OPG 


4 


97 


4 


COPG 


5 


98 



DPG - N, N'-Oi Phenyl Guanidine 
OTG - N,N'-Di-o-Tolyl Guanidine 
COPG - N, N'-Oi 4-chlorophenyl guanidine 



HOLE 2 
NPMIDA SALT 



0 
3 
3 
2 



EXAMPLE 2. 

A series of runs were made to oxidize N-(Phosphonomethyl ) 
Iminodiacetic imino urea salt using oxygen as oxidant. 
This series was conducted in a low pressure apparatus 
consisting of a Parr shaker to provide agitation. The 
following table gives the result of these experiments. In 
these experiments 0.5 - 1 grams of catalyst, 0.02 mole of 
NPMIDA Salt and 40 g of distilled water were charged into 
the bottle and heated to 90°C the bottle was sealed, placed 
in the shield and alternately pressurized and depressuri zed 
several times with 0 2 gas at 1-3 kg/cm 2 to remove the air. 
The reactions were all conducted at 3-1 kg/cm 2 . After the 
reaction was terminated the catalyst was filtered off and the 
filtrate was subject to NMR analysis. 
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EXPERIMENT IMINOUREA CATALYST 
NO. 



PRESSURE TIME HOLE & 
NPMG 



MOLE & 
NPMIDA 



5 
6 

5 7 
8 
9 
10 

n 

10 12 
13 
14 



OPG 
OPG 
OPG 
DTG 
OTG 
OTG 
OPG 
OPG 
CDPG 
CDPG 

EXAMPLE 3. 



Norit PN-3,1.0 g 
52 Rh/c.1.0 g 
5S Pt/c,1.0 g 
Norit A, 1.0 g 
Norit PN-3,1.0 g 
5S Pt/c.1.0 g 
Norit A, 1.0 g 
5S Pt/c,0,5g 
Norit PN-3, 1.0 g 
5S Pt/c.0.5 g 



1 
2 
2 
2.1 
1 

2.1 

1 

2.1 

1 

2.1 



10 
2.5 
3 
2 

10 
2.5 
10 
3 

10 
3 



100 
100 
98 
90 
95 
100 
98 
98 
99 
98 



2 

10 
5 

2 
2 
1 
2 



General procedures for preparing Mono and Di Basic salts of 
15 NPMG. 

A. A solution of NPMG-N ,N ' Di Aryl guanidine Salt (0.02 mole in' 
40 ml H 2 0) obtained either from example 1 or 2 and 0.04 mole ' 
of the base (amine or iminourea) was agitated in a suitable 
vessel at 25°C. 

20 A precipitate of OPG was separated immediately and the 

agitation of the mixture was continued for 1/2 hour. The 
DP6 was filtered and dried (yielding 4.15 g, approximately 
0.02 mole) and the filtrate was found to contain pure NPMG 
d1-Bas1c salt (through NMR analysis). 

25 B. A solution of NPMG - N.N'-Di Aryl Guanidine salts (0.02 mole 
in 40 ml K 2 0 obtained el the r from example 1 or 2 and Hydro- 
chloric acid (0.02 mole, 2.22 g 322) was agitated in a 
suitable vessel at 20°C. After a few minutes a precipitate 
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of NPMG was separated. The NPMG was filtered and dried, 
0.02 mole of aq NPMG - Di Basic salt obtained in A was 
added to 0.02 mole NPMG (obtained above) and the mixture 
was agitated until a clear solution was obtained. 
The solution was found to contain pure NPMG-Mono Basic 
Salt (through N.M.R, analysis). 

Following the above procedure the following amine and diamine 
salts of NPMG can be prepared, e.g. Mono and Di (methyl amine) 
salts. Mono and di (ethylamine) salts, Di(dimethyl amine) 
salts, Mono and di(trimethyl amine) salts, Mono and Di (propyls 
amine) salts, di (isopropylamine) salts, Mono and di 
(triethylamine) salts, Mono and di(butyl amine) salts, Mono 
and di (sec-butyl amine) salts, Mono and di(ethanol amine) 
salts. Mono and di(dimethy1 ethyl amine) salts, Mono and di 
(ethylene diamine) salts, Mono and di (1,2 propylene diamine) 
salts, Mono and di (N , N-di ethyl -3-propyl enedi ami ne ) salts, 
Mono and di (1,4-Diamino Butane) salts and the like. 

Following the above procedure the following iminourea and 
diiminourea salts of NPMG can be prepared e.g. Di (amino- 
guanidine) salts, Mono and di (di ami noguanidi ne ) salts, Mono 
and di (methyl guanidine) salts, di (tetramethyl guanidine) 
salts, Mono and di (ethylene diguanidine) salts, Mono and di 
(propylene diguanidine) salts and the like. 
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EXAMPLE 4. 

General procedures for preparing Mono (diamine) d1 -NPM6 

or Mono (diimlnourea) di-NPMG salts III. 

NPMG (0.06 mole, 102 gr) obtained as 1n example 3A was 

5 added to a solution of d1 (diamine) or di (diimlnourea) 

salt of NPMG (0.02 mole In 50 ml water) obtained as in 
example 38. The mixture was agitated until a clear solution 
was obtained. The solution was found to contain pure 
Mono (diamine) or Mono (d1 Iminourea) di -NPMG salt 

10 (through NMR analysis). 

Following the above procedure the following diamine and 
diimlnourea salts of NPMG can be prepared e.g., Mono 
0,3-propylenedlamlne) di-NPMG, Mono (N,N-diethyl 1,3- 
propylene diamine) di-NPMG, Mono (1 ,4-diamino butane) di - 
NPMG, Mono (ethylene diguanidine) d1 -NPMG , Mono (Propylene 
di-guanidine) di-NPMG and the like. 



IS 
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Other compounds of the present invention that can be 
made in general accordance with the foregoing procedures 
1 ncl ude: 

a) the mono-di Methyl amine salt of NPMG as a white 
solid m.p. 150°C with decomposition. 

b) the mono 1sopropylam1ne Salt of NPMG NMR (D 2(J , 

6 ppm, relative to HOD): - 3.6 (d,6H, J=6H 2 ); 1.7 (d,2N, 
0=13H Z ); -1.22 (3H). 

c) the Di (Guanidine) Salt of NPMG as a white solid. 

d) the Mono-Guan1d1ne Salt of NPMG, white solid, 
m.p. - 218 - 220° (Dec.) 

e) the mono-tetramethyl guanldine salt of NPMG as a 
white deliquest solid m.p. 175-6°C (dec). 

NMR (D 2 0,i ppm, relative to HOD): - 1.23 (S.2H): - 1.73 
(d, 2H, J=13H 2 ): - 2.03 (S, 12H, CH3) ; 

f) the D1-NPMG Ethylene diamine salt NMR (D 2 0, 5 ppm, 
relative to HOD): - 1,8 (d,4H, J-13H 2 ): - 1.9 (S.4H):- 
1.33 (S.4H); 

g) the di -NPMG 1 , 2-propyl ene diamine salt m.p.92-94°C 
with evolution of bubbles; and 

h) the monoaminoguanidine salt of NPMG as a very deliquest 
white solid, m.p. - 80° (dec.) (yield * 95J) NMR 

(D 2 0, S ppm, relative to HOO); - 1.17 (S,2h); - 1.64 
(d,2H,J-13H z ). 
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It will be evident to those skilled in the art that 
the Invention 1s not limited to the details of the 
foregoing Illustrative examples and that the present 
invention may be embodied in other specific forms 
without departing from the essential attributes thereof, 
and it is therefore desired that the present embodiments' 
and examples be considered in all respects as illustrative 
and not restrictive, reference being made to the appended 
claims, rather than to the foregoing description, and all 
changes which come with the meaning and range of equivalency 
of the claims are therefore Intended to be embraced therein. 
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WHAT IS CLAIMEO IS: 

1. A process for producing water-soluble mono and di- 
N~Phosphonomethylglycine amine and iminourea salts from 
N-phosphonomethyliminod1acetic actd derivatives comprising 
oxidizing an aryl substituted iminourea salt of N-phosphono- 
methyliminodiacetic acid of the general formula VI. 



0 OH NH 

u y II 

(HOOC - CH 2 ) 2 N-CH 2 -P ^ . A^NH-C-NHArg VI 

^ OH 

wherein Ar 1 and Ar 2 are each independently selected from the 
group consisting of phenyl, alkylphenyl and halophenyl to 
10 form a N-phosphonomethyl glycine iminourea salt of the general 
formula VII 



HOOC ~CH 2 -N-CH 2 -P-OH. Ar ] HN-C-NHAr 2 VII 

. OH 

reacting said salt of formula VII with an amine, iminourea, 
diamine, or diiminourea having a molecular weight below 600 
15 and a pKa above 10 in aqueous solution and separating the 

resulting water insoluble aryl iminourea from. the resulting 
water soluble N-phosphonomethyl glycine salt product. 
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2. A process according to claim 1 for producing 
N-phosphonomethylglycine derivatives of the general 
formula I 



jj i j / 



2 — r ^ J 
0R 3 

wherein 

a) R r R 2 and R 3 are independently selected from hydrogen 
and -R 4 and R 4 is a salt-forming cation iralnourea derivative 
of the general formula II • 

wherein R g , r Rg , Rfil and Ry are i ndependently ^ 
NH 2 , CH 2 0H -S— NH 2 . or in aryl , cycloalkyl or straight 
or branched chain alky! or alkenyl group optionally 
substituted by hydroxy or halogen, or an alkylaryl group 
provided that 

1. at least one but no more than two »f R, r 

1*2 

or R 3 are R 4 , 

2. no more than one r 5 . r,.,. Rg , Rgi are aryl Qp 
substituted aryl; and 

3. no more than one .f « s , l s „ | (1 » {1 and R? 

is CH 2 OH; or 
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b) Rj, R 2 and R 3 are Independently selected from hydrogen 
and R^ wherein R^ 1s a salt-forming cation selected from the 
groups consisting of cations of organic ammonium selected from 
primary-, secondary- and tertlary-alkyi , none of these having 
more than two amine groups; and heterocyclic amines provided 
that no more than two of R 1 , R 2 and R 3 are -R 16 ; or 

c) and R 2 are hydrogen and R 3 is R 17 wherein R 17 is a salt 
forming cation of the formula III 

OHO 

. + H I II 

HNH-R-NH.HO-P-CH,-N-CH,-C-OH III 

R 8 R g OH 

wherein R is selected from the group consisting of C 2 - C-j 2 
straight or branched chain alkylene radicals and R g and R g 
are each independently H or a C 1 - alkyl group; or 



d) R 1 and R 2 are H and R 3 1s a salt forming cation of the 
general formula IV 

*i°ii H s"» s i 



R ig HN-C-Y-R 18 -Y-C— NHR 12 . HO- 



>-CH 2 -N-CH 2 C0 2 H IV 
3H 



wherein 

Y is N» R 18 is a straight or branched chain alkylene radical 
having 1 - 12 carbon atoms and R ig , R 1T , R 12 and R 1Q are each 
independently H, alkyl, phenyl or ally! provided that only 
one of R 19 and R^ Q may be alkyl, ally! or phenyl and only one 
of Rjj and R 12 may be alkyl, ally! or phenyl; 
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said process comprising oxidizing an aryl substituted Imlnourea 
salt of N-phosphonomethyl iminodiacetic add of the seneral 
formula VI 



OH 



(H00C-CH 2 ) 2 N-CH 2 -r . Ar^H-C-NHArj, 

^ OH 



VI 



wherein A T] and Ar £ are each independently selected from the 
group consisting of phenyl, alkylphenyl and halophenyl to form 
a N-phosphonomethylglycine imlnourea salt of the general 
formula VII 



H C j/H 

•NHAr* VII 



HOOC-CH.XcH.-f-OH. Ar,HN-C-l 

I 1 
OH 

10 and then reacting said salt of formula VII with the appropriate 
amine, imlnourea. diamine or dUminourea as defined. 

3. A process according to claim 1 wherein the resulting 
NPMG salt solution 1s separated by filtration from the 
regenerated aryl -substl tuted Imlnourea which imlnourea 1s 
15 purified and recycled for use 1n the preparation of the salt 
of formula VI. 



4. 



A process according to claim 1 wherein laid oxidation 
is carried out using hydrogen peroxide as an oxidizing agent. 

5. A process according to claim 1 wherein said oxidation 

20 1s carried out using a molecular oxygen-containing gas 1 n 
the presence of a metal or activated carbon catalyst. 
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6. 



A process according to claim 1 wherein the salts of 



general formula VI are first prepared by forming an admixture 
of N-phosphonomethyl Iminodiacetic acid and an imino urea 
selected from the group consisting of N, N' diphenyl guanidin 
5 N.N'di-o-tolyl guanldine; N,h" -d1-p-tolyl guanldlne, N.N'- 
01-4-Ethyl phenyl guanidine, N.N'-Di-A-.Chloro phenyl guanidim 
and N,N'-d1-4-bromo phenyl guanidine and heating the mixture 
until a clear solution is obtained. 

7. A pro-cess according to claim 1 wherein said oxidation 
10 is carried out at a temperature of about 70° to about 120°C. 



8. 



M-phosphonoraethylglycine Isopropylamine salts of the 



general formula I 




wherein Rj , R g and R 3 are as defined whenever prepared by the 
IS process of claim 2. 



9. HerBicidal compositions comprising N-phosphonomethyl - 

glycine Isopropylamine salts of thegeneral formula I whenever 
prepared by the process of claim 1. 



